Objective. The purpose of this study was to determine the independent contribution of visuospatial hemineglect to impaired postural control in the acute phase (<2 weeks) of stroke compared with other possible clinical and biological determinants. Methods. This study was conducted in 4 hospitals in the mid-east region of the Netherlands. A total of 78 consecutive patients with a first-ever acute supratentorial stroke was included. Functional balance was measured with the Trunk Impairment Scale, the Trunk Control Test, the Berg Balance Scale, and the Functional Ambulation Categories. Visuospatial hemineglect was assessed by means of an asymmetry index obtained from the Behavioral Inattention Test. The Motricity Index, vibration threshold, sustained attention, and the presence of hemianopia were registered as other possible clinical determinants. Stepwise backward multiple linear regression analysis was performed introducing all selected clinical determinants as well as age and poststroke time as possible biological determinants. Results. Hemineglect was present in 17 patients (21.8%). The groups with and without hemineglect were different for gender and the proportion of right hemisphere strokes, but not for age, type of stroke, or poststroke time. Neglect patients had on average lower scores on all functional balance tests as well as on the clinical assessments. Multivariate linear regression showed that, besides hemineglect, only muscle strength and age independently contributed to impaired balance explaining 65% to 72% of variance of the selected outcomes. Conclusion. This study showed that hemineglect independently contributes to impaired postural control in the acute phase of stroke.
L oss of postural control is a major problem in many patients with an acute stroke and has been identified as an adverse predictor of functional outcome. [1] [2] [3] [4] Motor, sensory, as well as cognitive impairments may account for postural imbalance in stroke patients. As for cognitive impairments, hemineglect in particular is regarded as a negative determinant of postural control and functional outcome. However, the results of studies on this subject vary considerably.
Pérennou et al 5 demonstrated decreased postural stability in patients with visuospatial and personal hemineglect in the subacute phase of stroke, which was characterized by an asymmetrical trunk posture deviated toward the affected side. In another study by the same group, it was argued that hemineglect is strongly associated with contraversive pushing, a condition in which patients seem to actively push away from the nonparetic side leading to severe postural imbalance. 6 Consistent with these findings, Taylor et al 7 reported a midline shift of the trunk toward the affected side during sitting, which occurred mainly in patients with visuospatial hemineglect in the first 6 weeks after stroke. On the other hand, in patients 2 to 4 weeks after stroke, Tyson et al 8 did not find a relationship between visuospatial hemineglect and balance as measured by the Brunel Balance Assessment (BBA), which consists of 3 subscales (sitting, standing, and stepping). In addition, de Haart et al 9, 10 did not find a clear relationship between visuospatial hemineglect and the control of quiet standing as measured by force-plate posturography during a 3-month follow-up of balance recovery in the subacute phase of stroke. Hence, the results of previous studies concerning the influence of hemineglect on balance in patients in the subacute and chronic phases after stroke are inconsistent, probably due to differences in patient selection, stroke severity, and prevalence or diagnosis of hemineglect. As a consequence, the influence of hemineglect on balance skills in an unselected sample of patients during the acute phase after stroke (<2 weeks) is unknown.
Assessment
All tests were performed bedside by the same investigatorphysiotherapist (SvdL). Outcome measures in this study were the Trunk Impairment Scale (TIS), the Trunk Control Test (TCT), the Berg Balance Scale (BBS), and the Functional Ambulation Categories (FAC). The TIS consists of 3 subscales, including static sitting balance (score range 0 to 7), dynamic sitting balance (score range 0 to 10), and coordination (score range 0 to 6). Thus, the total TIS score ranges from 0 to 23 points. 13 The TCT examines 4 movements: (a) rolling from a supine position to the affected side and (b) to the nonaffected side, (c) sitting up from a supine position, and (d) sitting balance. The total TCT score ranges from 0 to 100 points. 14 The BBS was used to assess static and dynamic standing balance. This scale comprises 14 tasks (score range 0 to 4) yielding a total sum score of 0 to 56 points. 15 The level of independency of walking was assessed with the FAC (score range 0 to 5). 16 Visuospatial hemineglect was assessed by means of 2 subtests of the Behavioral Inattention Test (BIT), 17 namely, letter cancellation and star cancellation. We selected these particular tests because Halligan et al 18 found that these are the most sensitive subtests of the BIT, and to minimize the burden of the examination on the patients. To control for nonlateralized, generalized attention deficits, we calculated an asymmetry index, which was introduced by McIntosh et al 19 to determine personal neglect. An asymmetry index higher than 10.6% (cut-off value based on the lowest scores of the norm data obtained from healthy subjects 20 ) was interpreted as evidence of visuospatial hemineglect. Contraversive pushing was investigated using the standardized Scale for Contraversive Pushing (SCP). Patients who scored at least 1 out of 2 points for all 3 items were considered to suffer from contraversive pushing. 21 Several other clinical and demographic characteristics were addressed as possible determinants of balance, including age, stroke type (infarction/hemorrhage), stroke side (left/right), time after the stroke (days), sustained attention, muscle strength, vibration sense, and vision. Sustained attention was tested with the elevator counting subtest of the Test of Everyday Attention (TEA; score range 0 to 7). Muscle strength of the contralesional leg was assessed using the Motricity Index (MI) with a score ranging from 0 (complete paralysis) to 100 (normal strength). 22 Vibration threshold was measured at the lateral malleolus and at the hallux contralateral to the stroke using a semiquantitative tuning fork (US Neurologicals, Kirkland, WA) with a score ranging from 0 (no vibration sense) to 8 (maximum vibration sense). Vision was tested for the presence of contralesional hemianopia by means of Donders' confrontation test, which was performed by presenting a moving finger in each of the 4 quadrants, for each eye separately (present/absent). We chose not to consider stroke volume or specific stroke location as a possible biological determinant, because it is still unclear how stroke volume is associated with clinical stroke severity. 23 Moreover, stroke volume or specific stroke location cannot be reliably assessed on an early computed tomographic scan of the brain, because it takes some time before hypodensity develops.
There are several reasons to examine the influence of hemineglect in the acute phase after stroke. Most important, the true relationship between hemineglect and balance can be best assessed in the very early phase, because both hemineglect and postural imbalance are usually more prevalent and severe in the first 2 weeks after stroke. 1, 11 Moreover, the recruitment of patients in the acute phase allows researchers to study this relationship in an unselected sample of patients. Finally, knowledge about this relationship may be important to guide early therapeutic and preventive interventions and, perhaps, influence the choice of discharge destination from the hospital. 3, 12 Against this background, we investigated the independent contribution of hemineglect to impaired postural control in the acute phase after stroke, in relation to the possible influence of other clinical and biological determinants. A secondary goal was to estimate the incidence of hemineglect and contraversive pushing in an unselected sample of acute stroke patients and to compare postural imbalance between these subgroups. We hypothesized that hemineglect would be an important independent determinant of impaired postural control in the acute phase after stroke and that balance impairments would be even more pronounced in patients with contraversive pushing.
Method Patients
This cross-sectional study was conducted in 4 hospitals in the mid-east region of the Netherlands: the University Medical Centre St Radboud and the Canisius-Wilhelmina Hospital in Nijmegen, the Rijnstate Hospital in Arnhem, and the Jeroen Bosch Hospital in 's Hertogenbosch. All patients who had been consecutively admitted to neurology wards of these hospitals with a first-ever supratentorial infarction or hemorrhage were eligible during the period October 2005 until March 2006. Patients were included if the stroke was proven by computed tomography or magnetic resonance imaging scans and if the time after stroke was less than 2 weeks. Exclusion criteria were (a) diminished level of consciousness, primary visual deficits or severe aphasia, respectively according to the items 1A (not alert), 1C (disturbed performance of level of consciousness commands), 2 (partial gaze paresis or forced deviation), and 9 (severe aphasia or mute) of the National Institutes of Health-Stroke Scale; (b) non-stroke related sensory or motor impairments; and (c) concomitant cognitive problems that impaired the ability to follow simple verbal instructions. All patients gave their written informed consent after receiving both verbal and written information about the study. All patients received a "best medical treatment" according to the guidelines of the Netherlands Society of Neurology, ensuring that each patient was given physiotherapy to start mobilization and to improve passive and active range of joint motion as soon as possible. No specific therapy was initiated to improve postural control or hemineglect. The regional medical-ethical committee approved the study protocol. average 17.5% lower muscle strength, 20% lower vibration sense, 43% lower sustained attention, and a 6 times higher incidence of hemianopia. In addition, N+ patients showed on average 25% to 38% lower balance outcomes. All these differences were significant (see Table 1 ).
Multivariate linear regression analyses were done to obtain the best prediction model for each of the balance outcomes. As shown in Table 2 , hemineglect, muscle strength, and age were the most powerful explanatory factors for each outcome. All models excluded time after stroke, vibration threshold, hemianopia, and sustained attention. The R 2 values for each model, indicating the overall explained variance, ranged from 64% (TCT) to 72% (BBS).
Contraversive pushing was diagnosed in 3 female patients. They all had a right hemispheric infarction and suffered from visuospatial hemineglect. Their biological, clinical, and balance characteristics are compared with the N+ patients without pushing behavior in Table 1 . The 3 "pushers" performed much worse on all balance outcomes compared with the "nonpushers." In addition, they had lower muscle strength and a higher vibration threshold. Two of the 3 "pushers" suffered from hemianopia. Remarkably, the BIT asymmetry score was only slightly higher for the "pushers" (59%) than for the "nonpushers" (50%), and sustained attention was even better in the "pushers."
Analysis
Patients with hemineglect (N+) and patients without hemineglect (N−) were identified. First, univariate tests (independent samples t test for continuous data and χ 2 test for ordinal data) were performed to investigate differences in determinants and outcomes between the 2 groups. Then, all clinical and biological determinants were included in a stepwise backward multiple linear regression analysis for each balance outcome, separately. The level of significance for all analyses was set at P < .05. Descriptive statistics were used to compare N+ patients with and without contraversive pushing.
Results
A total of 78 consecutive acute stroke patients were included during a 6-month period. Visuospatial hemineglect was present in 17 patients (21.8%). In Table 1 , all demographic and clinical characteristics and balance outcomes are summarized for the entire group as well as for the N+ and N− patients. No differences were found in age, type of stroke, or time after stroke between both subgroups. However, the proportion of female patients (64%) and right hemisphere strokes (88%) was higher in the patients with hemineglect. N+ patients had on Pérennou et al 6, 24 previously emphasized the importance of visuospatial hemineglect as a determinant of impaired balance following stroke. They found that hemineglect explained as much as 56% and 61% of postural behavior during sitting with and without vision, respectively, in 14 selected patients with left-sided hemiparesis who were at least 2 months after stroke. 6, 24 They hypothesized that the observed postural instability in patients with hemineglect could be the result of a problem in the multisegmental orientation of the body in space due to a higherorder disorder in the processing of somesthetic information. This disorder would lead to a disturbed body scheme and would be strongly associated with lesions of the temporoparietal junction, the so-called polymodal sensory cortex. 25 In the same vein, Kerkhoff provided evidence of multisensory spatial orientation deficits in patients with hemineglect by investigating the visualspatial and tactile-spatial axis orientation in the chronic phase. 26 He found that patients with hemineglect showed a significant contraversive tilt of all 3 visual-spatial and tactile-spatial axes and that these deficits were significantly associated with their ambulation performance.
Conversely, others have not confirmed the proposed relationship between hemineglect and postural imbalance after stroke. For instance, Tyson et al 8 did not find such a relationship in patients 2 to 4 weeks after stroke but, instead, found that only muscle strength and somatosensation were independently associated with balance as assessed with the BBA. They suggested that hemineglect might be related to balance disability due to a possible association with muscle weakness and sensory loss. Yet, in a recent publication by the same group, no association between sensory loss and hemineglect could be determined. 27 The average time after stroke is an important difference between the study of Tyson et al (21 days) and our study (5 days). Although the incidence of hemineglect was higher in the study by Tyson et al (28%), hemineglect might have been less severe because of natural recovery, resulting in a weaker association. Indeed, the spontaneous recovery of hemineglect in the first weeks after stroke is substantial. 28 Some studies regarding standing balance in the postacute and chronic phases of stroke 9, 29 failed to show an association between postural instability and hemineglect as well, most likely for the same reason. Perhaps most important, in the present study a BIT asymmetry index was used to determine the presence of visuospatial hemineglect, integrating both the star and letter cancellation test, to control for generalized attention deficits. In contrast, Tyson et al 8 used a nonlateralized cut-off criterion for (either) the star cancellation test or the line bisection test to identify hemineglect patients. This latter criterion may have led to overestimation of hemineglect and, subsequently, to a nonsignificant association with postural imbalance. Generally, the relatively high incidences of hemineglect reported in some other studies may well be the result of using less stringent criteria for diagnosing hemineglect. 30, 31 Indeed, if in this study the raw cut-off scores of the BIT would have been used, instead of the asymmetry index, 10 more patients would have been classified as suffering from visuospatial hemineglect. Visual inspection of these patients'
Discussion
To the best of our knowledge, this is the first hospital-based study that investigated the independent contribution of visuospatial hemineglect to impaired postural control in an unselected sample of patients with a first-ever supratentorial stroke within 2 weeks after stroke onset. According to our hypothesis, hemineglect made an independent contribution to postural imbalance, while age and muscle strength appeared to be independently associated with impaired balance as well. In quantitative terms, the influence of hemineglect was substantial, because it coincided with 25% to 38% lower values on each of the selected balance outcomes that, together, covered the whole spectrum of balance skills during sitting (TCT, TIS), standing (BBS), and walking (FAC). The finding that impaired sustained attention did not independently contribute to balance impairment indicates that the adverse influence of hemineglect was caused by a specific lateralized deficit. The observed incidence of hemineglect was 22%, which is in accordance with a recent population-based stroke-incidence study that reported a figure of 23%. 11 The incidence of hemineglect was higher in patients with right (34%) than left (6%) hemispheric lesions and also in women (34%) compared with men (13%). This gender difference was not explained by a higher percentage of right hemispheric lesions in women. control in an unselected sample of patients in the very acute phase of supratentorial stroke. Together with muscle strength and age, the presence of hemineglect can explain 65% to 72% of the variance in sitting, standing, and walking balance. This knowledge can help guide preventive measures for falls and therapeutic interventions in the (sub)acute phase of stroke. Indeed, several authors have emphasized the increased fall risk in stroke patients that suffer from visuospatial hemineglect. 40, 41 Future research is needed to determine the influence of hemineglect on the recovery of sitting and standing balance in the various phases after stroke.
test results revealed that their omissions were evenly distributed at both sides. In addition, these 10 patients had a relatively low score on the TEA. Hence, they most probably suffered from a generalized attention deficit rather than hemineglect.
In the present study, the observed incidence of contraversive pushing was 4%, which is lower than the 10% reported by Pedersen et al. 32 All 3 "pushers" had sustained a right hemisphere infarction (2 patients with predominantly temporal lobe lesions and 1 patient with a large frontoparietal lesion) and suffered from visuospatial hemineglect. Yet their average BIT asymmetry index was only 9% higher than in the hemineglect patients without pushing behavior, whereas their average BBS and FAC scores were much lower (1.7 and 0, respectively). The small number of "pushers" in this study does not justify any generalization. Still, the observed pattern of results might be an indication that although hemineglect and pushing behavior may be related, contraversive pushing may not be simply an extreme form of hemineglect but rather a distinct entity. Indeed, Pedersen et al 32 did not find a significant difference in the incidence of hemineglect or anosognosia between patients with and without pushing behavior. Possibly, discrete neural networks encoding the postural vertical must be damaged to observe contraversive pushing. 7, 21, 24, 33, 34 Our multivariate model showed that, besides hemineglect, muscle weakness independently explained a considerable proportion of the variance in balance control. This result is coherent with the reports by others who found a significant and independent association between muscle weakness and balance impairment in the postacute and chronic phases of stroke, respectively. 8, 35 Dietz and Sinkjaer 36 suggested that after supraspinal motor lesions regression occurs on the affected side to "simpler" motor performance. Although the monosynaptic reflex responses may be disinhibited, the polysynaptic responses that are most important for postural regulation are reduced. 34, 36 In contrast to the study by Tyson et al, the present study did not find that loss of somatosensation, in terms of increased vibration threshold, independently contributed to impaired balance, whereas aging did. As for sensation, it may well be that Tyson et al tested this impairment more extensively and sensitively using the Rivermead Assessment of Somatosensory Performance. On the other hand, the independent adverse influence of older age on balance after stroke that we observed seems to be in line with many other studies investigating postural and gait control in elderly persons. 37, 38 Because older age is generally associated with sensory problems, 39 it may be that in the present study the possible association of somatosensation with balance was to some extent obscured by its association with age. In addition, the number of patients included in the current study was still limited, which may have prevented us from identifying relatively weak associations.
Conclusion
The results of this study have shown that visuospatial hemineglect independently contributes to impaired postural
